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NORTH MEADC'IS DIKE CONTR.,CT Ht. L

PERTINENT DaTl.i

Location Connceticut River, Hortford, Connceticub

Arca proteeted by the total North Mcadows

dike from Station 0+00 to Station 168+00 1,100 acrcs
Limits of total dike Station 0+00 to Station 168+00
Limits of this controot Botwoon Statior 0+00 to Stotion

122+00 and botween Station 158+53
to Stoation 162+5%

Elcvation (Mcan Sca Lovel)

Top of dike, Morgan Street, Station 0+00C L6.0
Top of retaining vall at Morgen Street 11640

Top of dike and stop-log structure ilo, 1, Station 50+70 17,0

Top of dike, Station 122400 L74L
Top of dike, Station 135+00 to "'indsor Avenue, Sta-

tion 168+00 7.5
Top of stop-log structure Noe. 2, Station 160+53 H7.5
Top of riprap in North Meadows 3945
Top of riprap in Riverside Parlk 79,0 and 38,0

Embaniment
Maximum height of dike 33 feet

Total length (0+00 to 122+00, 158+58 to 162+53) 12,600 fect

Total impervious embankment fill 259,000 cus yd.
Total pervicus ombankment {ill 987,000 cu. yda
Total rendom embantment f£ill 201,000 cu. yde
Grand totsl embankment 1,0,7,000 cu. yd.
Total stecl sheot piling in this contract 150,450 sag. 6,



Total steel sheet piling in place from 206,650 sq. ft.
Station 58+00 to Station 122+60

Total riprep (this contract) 27,100 cu. yd.
Total riprap requested by City of Hartford 3,050 cu, yd.
(this contract) - ineluded in sbove items

Total gravel bedding 19,300 cu. yd.
Total topsoil 51,200 cu. yd.

Conerete Retoaining Wall

Type cantilever
Maximum height of stem 15 feet
Total length 360 feet

Concrete quantities

Total 2,%60 cu. yde
Retaining woll 530 cu. yde.
Stop-log structure No, 1 {at Station 50+70) 850 cu. yd.
Stop-log structure Ho. 2 (at Station 160+53) 850 cu. yd.
Miscellaneous structures 70 cu. yd.



I. IWTRODUCTION



I. TWTRCDUCTION

"y

A, AUTHORIZATION AWD PAST REPORTS. - The flood protection work irom

Memorial Bridge north to Station 122+00 is & part of the local nrotection
works for the City of Hartford, Comnecticut, The original project ir in-
cluded in the revort on flcod control for the Commecticut Diver and pub-
1ished as Iousc Dooument Foe 459, 75th Congress, 2d Session. The project
is suthorized under the Flood Control Act approvod June 28, 1936.

B. YECESSITY FOR THE PROTECTION. - An area of arsprovimctely 1,200

acres between Memorial Bridpe and Stotion 168+00 wos inundatoed during the
great flood of 1936, The major portion oi this arca is low and subjuet
to frequent flooding. The lands comprising the wosterly oad soubhurly
portions of this arca arc thickly sottlsd and hove numerous industrinl
cstablishments thorcon. Thuro are olse ineluded within this arco scveral
miles of the New York, Hew Hawven and Hortford Reilrond Compony's mein
linc traeks, The flood protcetion workscovircd in this cnalysis in com-
binction vith o soction of diku at the northerly cnd, nor unfer conguruc-
tion by hircd lotor forec, arc cssoenbicl ports of the loezl nrotueltion
sorks for the City of Rartford.

C. PPOVITION FOF PUMPLFG FACILITIRS. - The construction of tho nro-

toetion wmrks around the crea just deseribed vwill provent thc noturnl sur-
faec draincge within the crce from renching the Commeeticut River ot hizh
stoges.  For tho purpose of dischargling the cccumulrtod surffneo droinsgc,
ineluding thot from loerl storm run=off from vithin thoe protoctod nrus
during high flows and scopcge through the dikes or their foundetions, o

pumning strotion le nccossnry and its conctruction 1wrill be provided wndor



o. separate oontract and therefore will not be included in this snalysis.

. EQFSULTATION %ITH REPRESENTATIVES OF THE CITY AND THD RAILROAD. -

Before and during the actual design of the protective works, consultaotions
involving besic fentures were held with officials of the City of Hartiord
and the Flood Contrel Commission of Hortford. The Hew York, Nevr iloven
and Hertford Roilrond Company was olso consulted on detcils such os cloar-
ances ns related to stop-log and track structurcs. The lartford Flood
Control Commission voe represented by Kr. Charles Benactt, Consulting
Enginecr and ixccutive Seerctary for the Commission, cad the New Yorls,
Now Haven and Hartford Reilrond Company by Mr. E. H. Oviatt, Chicfl Engi-
neer.  The City of Hertford, throush its Flood Contrel Commission, ro-
quested cddition:l construction itoms not plonacd by this officc to bo
ineluded, 21l of which 1rill be paid for by the City. Paramount obovo
these items were additionel £ill to construct the dike to elevations 6
feet higher then the grade recommended by the Board of Engincers for
Rivers and Harbors and sdditional riprep to provide a continuous rip-
rapped slope Crom 1illimantic Bridge north to the Springfield Divizion
stop-log structure., Construction of a boulevard through Riverside Park,
with e concrete retaining wall and a clover leaf road construction at
Morgen Street, was preoposed by the City as on integral part of the flood
control rorks. The City was to contribute the difference in cost. How-
ever, the City Council {niled to vote the amount necessary and the plan
was abandoned. Hone of this cxtra boulevard work is, therefore, includod
in thoso proteetive works. The design as finally developed, nwoté with
the appreval o the City of Hartferd and the Hew York, Now Hoven and Hart-

ford Railronzd Company.



E. SHORT DESCRIPTION OF THE PHOTLCTION ' ORKS. = Beginning at the

northerly end of en existing wall, the seme being an integral part of the
Memorial Bridge abutment, & concrete wall with steel sheet pile cut-off
will provide full protection for a distance of 200 feet and in combina-
tion with an earth dike for an additional 150 feet. AL the end of the
concrehe wall, s full section of earth dike including a stcel sheet pile
cut-off vill continue northorly to the Willimemtic Division of the How
York, Now Haven and Hartford Railrond at which point it will) hear cast
following the railroad emborkment to o point nbout 1450 fect from the Con-
noeticut River. At this peint the reilrend tracks will be crosscd by
means of o stop=log structurc. The dike will then continuc in o generel
northerly direction and porallcl with the Connccticut River to thoe sce-
tion of dike now wnder construction vhich continucs north and then vest
crossing the Springficld Division of the New York, Now Haven ond Hartford
Roilrond and ultimately toerminotos on high ground. At the crossing of tho
Springfield Division a stop-log structure is provided and will be mede a
part of this contrast. (See Plate No. 15.) Remps will be provided necar
the southerly end of the dike to afford access to Riverside Parlt and the
existing Meadow Road from Morgon Street. Ramps will be provided for ac-
cess to the pumping station and the Willimentic stop-log structure, Iur-
ther ramp construction will be provided to give easy access to the stop-
log structure at the Springfield Division and one other set of ramps ot
the request of tho City of Hartford to +ransit the dike at a locotion
approximating that of the existing mcadow road. The total length ci' the

earth dike protcetion as planncd for this contract will be avproximately



11,750 feet with an average height of 30 foct. The total length of pro-
tcstion by conercte wull is opproximutely 350 foct with a mesimum height
of 15 feot. For location and gencral plans scc Plates los. 1, 1%, 1L, and
15. Provisions arc being made in the speoifieations to citend the projeet
by the same contract to Station 130+00. This extension will be made if
it is found impossible to complete the precject now being executed by hired

labor force vithin the time limit scheduled for that job.



TI. SELECTION OF aALIGN BT AND $YFE OF “ROTECTION



11, SELECTION OF AUIGHFMENT AND TYPE OF PROTECTION

A. OTHUR ALIGNMENTS CONSIDERED. - In all, three aligmments were

considered, The first alignment studied followed along the west boundary
of Riverside Park from lMorgen Street, continued northerly through the
vesterly half of the meadows terminating at hirh ground about 1,500 fect
south of tho end of the sclected dikce Although this alignment wes the
shortest of thosc considored, tho cost, duc to low swampy ground traversod,
whon comparcd with the alignment finally proposed is substentially tho
samc, but 1t leaves the major portion of the muadows unproteeted.  The
meadow area, 1f' protected, appears to holé great promise for future de-
velopment. The second alignment ccusidered was substantially the same

as the first, exceot that Riverside Park vms included in the nrotectod
aren along with the Willimantic Division of the New York, Hew Haven and
Hartford Railroad adjacent to the parlt on the north. The schemo of pro=
toeting the park arca vmos abandoned beeausc of the size and proximity of
two large ponds to the river which vould have imposcd extraordinary pro-
teetive troatment at these points. Further, tho City of Hartford was op-
poscd to uxeluding the view of the river frou the park, eontending that
by so doing tho bunuty of the pork would be seerificced.

B, SELECTED ALIGNM@NT., - The alipmment as selected embodies all

of the desirable features of the other nlans considered and affords the
maximum of desired protection at a minimum of cost. The dike is sufii-
ciently far back from the river to prevent any danger from crosion.

Ce SELECTION QOF TYPE OF PROTECTION. - Econonmy end available align-

ment width dietobed the scloction of an corth scetion, comercte walls being



too expensive. Materiols for construction o en carth dile are readily
available in abundance at the site. rurthermors, foundation eowncitions,
required height of protection and available space for DUTTGNLIE conahrue-
tion male =n varth strueturc woll suited to the site. The use of o shert
scotion of coneruvte sall ncar Forgan Strout is nocossary boenuse of vo-
strictions to comstruction space imposcd Ly oxisting structurcs. Tho
stop-lo. structurcs will be constructed oi concrete with timbor stop logs
to be instclled in time of fleods  Stoeul shoot piling will he uscd To of-

foet o cut=off for the witire lenpth of the protootion,
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I1T. GECLOGICAL INVESTIGATIOQNS

A. SITE AWD FOUNDATION COWDITIONS.

1. Hature of valley. - The dike is located on the westerly

side of a broad, deeply buried pre-glacial rock valley. The lowermostl
extent of the roci: flocr is not certain, but seismic determinations have
been made -n the left bank of the river to a derth of 180 feet bolow sea
level without locabing rock. Excopt for a comparstively thin mentle of
flood vlain sands and silts adjacent to the river, the overburden is en-
tirely of glacial origin. The river, in croding thesc deposits, has
reached a condition vhcre it is now cntrenched in broad meanders, the
banks of which arc net sufficiontly high te restrain the river during
high woter. As o result tho stroam pericdieally overflows ils bonks and
deposits additional scdiment on the flcod plain.

2. tlethod and extent of explorations. - A large number of

borings along the dike alipmment were made by the City of Hartford. In
addition, the Providence Distriet has comnleted other bore holes mainly
for the ourpose of ehecking the accuracy of date obtained by the City of
Hartford., A compariscn of the results of both investigations showed close
agreoment as tc the charactoer of foundation matericls. Providencc Dis-
trict investigations by core borings, utilizing drive sampling methods,
were made (1) o check cn the City of Hartford's determinaticns as to the
cheractor and thiclness of overburden forming the dike foundaticns and

(2) to investigate sediments in the Comnccticut River as & possible source
of porvicus cmbanicont meterials  Augor borings werc uscd in the investi-

gaticn of lend borrow arcas. Tho lecations cof Doints of oxpleration aro



shovm or Plete No. .. entitled "Subsurface Explorations” and on Plate Mo. 8
entitled "Borrow Areas." The records of some of these exploraticns are
shovm on Plate Noe 5 eatitled "Record of Subsurfaco Explorations Hos 5"

3.  8ite. - Underground conditicns are similar throughout much
of the llorth Meadews arca. Poriodic floods have deposited o mantlc of
finc sand end silt, varying in thickness from cbout 5 .ot to 20 feos.
Near tho river these flood plain deposgits arc composcd ehicefly of a Class
6 scil, grading betweon o Class L and Class ©. Noorcr the dike, and ox-
tonding beyond, they contnin considerably more silt, being made up pro-
dominently of Class 8 cnd 10 moterinle (For classificotion of moterials
sce Porrpraph V B.)

Th. poologic scetions shovm on Plates Fos. & cnd 7 indicabe o
comprratively wiform distribution of the throc principal typos of over-
burden. ltedium and cosrse sands {chicfly Classcs 2 ond i) vecur as an
intermediste moderately thick layer, below the flood plain depesits ond
above glacial silt and cley strata., These pervicus materials extend to
and cuterop in the river. Bedrock, red shale, was enccunlered at both
ends of the proposed dike, For a cunsidereble stretch, in the northorly
section where the dile terminates in higher ground (this stretch is now
wnder construetion, the work being donc by the Providence Distriet), rcek
was encounterod at a dopth renging from sbout 5 feut to 30 feut. In the
southerly ond, adiceent to bemoriel Pridpc, reek is located ot e greator
dopth varying between 30 foot and 55 fuets  Botwoon those twe strotches
the reel surfacce is more deenly buricd,.

h. Meture of cxcavobions. - Preparation of the diko foundations




will require excavatiocns for the two toe trenches and Lor stripsing of too-
g0il throughout the foundation area. Lxenvebions for the imporvious utce
trench will be carricd te an average depth of & feobs That for Ll r.oclk
toe drein is, in general, more shallow, the derth varying from 2 eet te

7 feet. In addition, a shallow drainage Jiteh will be excovobed on the
londsido of the dilke as woll s lateral droins connceting thoe rack bow
vrith the draincege diteh,

De Subsurfoce lealage. - Scopage through the pervisus Class 2

ond L, strata will bo cffcetively stopped by c-nstruction of o shoct plle
cut-off oxtonding throughout the ontire length of tho dilze. {Sce Criteria
5 end 9, Poeragraph V A.)

B. BORROY ARTAS., - Three borrow arcos are provosed as shovm on

Plate foe 8 entitled "Borrow Areas.” Areas Ay and Ap, locatoed in the bhead
of the Connecticut River adjacent to the dike, arc the available sources
of materials for porvious embentment construction. These river sediments
arc composed of coursc to fine sand, Classces £ aud L, o interstratificd with
bods of mixced matcerials groded from grovel to fine sond ond coorsc silt,
chiefly Classes 3 and 5. They cceur to o doptn of from 5 fect to 20 foot
bolov river bottom where thuy overlic unsuitable finc silt ond eluy du-
posits.. The guantity available is fur in cxecss of thel ruguircd for con-
struction. Cross scetions of thosc sroews ore shivnm on Flote Live 9 entitloed
"River Cross Scebions.”

The pervious materials will be dredped from the river bed and

disposed of on shore in stock=piles from which they will be “iaced in the

embantment by roliled fill methods.



Borrow Arees D and E are scurces of impervious and random ilaner-
vious materials. Sorrow Area D, in back of anc adjacent tu tie rroposod
dike, is located un property slready seculred by the City of Hartforce
The overburden is composed of two soil types: (1) coarse and medium silt
containing some fine silt (chiefly Classes & and 11 vith minor amounts of
Classes 9 and 10); and (2) fine sond wnd coarse silt containing somo io-
dium sand (Class 6). Tyno (1) is suitable feor sclucted imnervious blenket
construction; type (2) is suituble enly for random imp.rvicus ombankment
construction. The natural wobcr content is abeve thot noccssary for moxi-
mum compaction.

Borrow Arcn B is the nrepoescd storage pond oxeavatiocn.  The mo-
teriale are very similor to thcse found in Jorrow Ar.a D and, as in Area
D, thc natural water centent is obove thot ncecssory for satisfactory coue
paetion. Anproximately onc-half of the cxeavetion from Arcn B is suiteble
for impervious blrnket censtructinon, the othor helf hoeing griteble ol
for reundom smbaniment construction. The total quantity from Areas D and o
is in excess of that required for construction.

Amounts of materisls available and their sultability are sum-
marized in Table Nue 1. Grain-size curves of typical materials in Arecs

A, D, cnd & are shown on Plate Hee 10.
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TABLE NO. 1

BORROW MATERYALS AVAILABLE

»
-

Borrow : Occurrence : Volume : Volume

Cu,Yds. : Cu,Yds.

~Test Date Indicating Suitebility:

: Intended : : Natural :Optimum: Typical
Ares :hvailable, :Required,:

Use : Classi- : Water :+ Water : Grein-size

. fication : Content :Content: Distribution

-
.

cavabtion): . 118,000&: 118,000

:Random :Cless 6 1200+ - 25%%: 15%
:scetion of': : : *
:dike :

Ay :Varies be- : 3 :Pervious :Classes 2:
stwoen 0 - 5 : :section of:4& 4, some: :
Ag .feet and O -:1s 000, 000+ 987,000 .aike 3 & 5 Under water None .See Plate No. 10
:20 feet : : : 3 H
: . 250,000+: 142,000 :Impervious:Classes 8120+ - 40%+: 19% :See Flate No. 10
:Varies = : H :gection of':& 11,some: : :
T : : : :dike :9 & 10
:generally ¢ : : : :
: : : :Random s : : :
.0 - 5 feet : 76,0004 .section of:Class 6 :15%+ - 45%k: 15% :See Plate No. 10
: : : :dike : : :
117,000+: 117,000 :Impervious:Classes §:200%+ - 45%+: 19%
E : : .scation of:& 11,some: :
(Storage: :dike :9 : : :
Pond Ex~:Varies :See Plate No. 10
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IV, [LOOD HYDRAULICS

A. DESTGN FLOOD. - The design flosd on whieh the dike graGe is based

is the maximum predicted flood reduced by the 20 reservoirs of the Cunwre-
hensive Plan, The determinabion of the meximum predicted [leud is dig-
cussed in Appendix 1 of "The Report of Survey and Comprchensive Plan for
the Connecticut River," dated March 20, 1937, It has a poalk discharge b
Hartford of %18,000 cefes., approximatcly 10 por cent greater than the
maximum flood of rceord. (S8Seec Critcrion 1, Paragraph V A.)

B. FREEBOARD. = Tho survey rcport proposcd a wniform frocboard of
% fcot for both conercte walls and carth embanlment. This was bhased on
consideration of wave feteh and velocity. (See Criteria 1 and 2, Para-
graph V A.) The Board of Engincers for Rivoers and Harbors recommended
that, since the entire reservoir plen might not be effectivo for some
time, the oarth scotion be raised 2 foct, The design has boen aeidilied
to meet this recomacndation.

The City of Hartford hes made {lcod studics and desircs greator
pretoction then that which will be offcroed by the dikes proposcd by this
offico. The grades proposod by Hartford arc bascd on a flood 25 Dur ccnt
greater than the moximum flood of record and arc abceut 6 feot higher than
those nropesed by this office.

The dikes will bc construeted 4o the grades proposcd by the City
of Hortford whieh to mean sca lovel datum arc: L7.4% at Station 12:+0C;
4740 ot Station 50+713; cnd L4640 ot Stotion 0+00 or Morgan Strevte The
City will pay the cxtroa ecsts involved.

C. LOCAL CONDITIONS. = Flood stages in the Comnnceticut River butweon

- 12 -



Hartford and East Hartford will be increased slightly by the confinement
caused by dikes at the two locations. The dike prades hove been adjusted
to meet this situation.

D. PUMPING REQUIREMENTS. - The natural surface drainage ond storn

run-off from the area inclosed by tho dike, and the scepage through the
dike, will have to be pumped from the »roteoted arca to the river. The
pumping station which will take core of this is hondled in e separate con-
tract, and tho scleetion of punping capacity has been treated in the do-

sign anolysis for that pumping stotion. (Sce Criteriom 9, Paragronh V AL )

- 13 -
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V. EARTH EMBANKMENT, DESIGN CRITERIL., AND LABORATORY INVESTIC.TIONS

A GENER.L DESIGN AND CRITERIA. - The design of the cmbankment is

based on the standard scction as adoptod by the Providonec District. (Sec
Plates Nos, 16, 17, and 18.) This scetion consists of an impervious river-
side blankot cxtending to and arcund a stecl shoot piling cut-off. The
steel sheot piling cut-off in turn penctrates the pervious layers of tne
foundation and is finally founded in impurvious strata. The impurvious
blankct is backcd up by o random scetion which provides o transition to
the pervious scetion on the landside. 4 londside toc drain is provided
which tonds to hold thc saturation linc within the pervious scetion and
faeilitates disposal of socpage to the drainage system cnd pumpling stoabion.
Riprap is provided on riverside slopes which will be subjeet to crogion,
scour or wavc action. This scetion is considored stable ot sudden drow-
down of thc river ond othor cdverse conditions ond affords adequate reo-
sistonce ngainst scoepage, Tho dike is designed ond will be construeted
to satisfy the following criterias

1. The crest of the dike is at such o pgrade that there is no
denger of overtopping when the design flood cecurs. (Paragraph IV A and B.)

2. The freeboard is sufficient to greatly reduce the danger
of overtopning by waves. (Paregraph IV B,)

3 The slopes of the dike are such that with the meterials
used in construction, they will be stable under all conditions. (Para-
graph V B, )

L. The line of saturation is well within the landside toe

(lerge pervious scction and toc drain).

- 1 -



5. Water which passos throwh and under the dike will, when
it comes to the surfecc, have & velocity sc small that it is incapable of
moving eny of the material of which the dike ond feoundation arc compescd.
(Paragroph III A 5.)

6. There 1s no possibility for the frec passoge of water from
the riverside to the landside face of the dike (sufficient impervicus
blanket).

7« No material soluble in water is used in any part of the
dike. {Paragreph V B,)

8. The foundation is sufficiently stable to resist unduc
stresses caused by the embankment lood, (Paragraph V B.)

9. Scepage through the dike and foundation will be reduced to
o total quontity well within cconomic pumping limitotions. (Paragrophs
IIT A 5, B, and IV D.)

R. LARORATORY INVESTICATIONS. = The varicus soil elasscs recopnized

in the Providence Soil Classification, some of which aro used in Sceticn
III, arc deseribed in Table Nos. 3 on Page 18 and showm graphically in
Plaotc Noe 11 ontitled "Diagram Showing Limits of Soil Classcs." Tablo
No. 2 indiccotes the ronge limits of permecbility for coch cluss of over-
burden matericls These volues hove been determined from laborntory tosts
of beth wndisturbed and disturbed somples. The princinle use of this
table is as a gulde for ovaluating relative normesbilitics of foundation

and borrow meterinls.
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TABLE NG, 2

Coefficient of Permeability

General Type: Class

» as we

K x 104 cm./scc. K x 104 £t.,/min,

e

.
.n
-

tniform 2 : 120 to 40O : 210 to 80O
: in : 20 to 120 : L0 to 20
: & : 5 to 20 : 10 to 140
: 8 : 1t 5 : 2 to 10
:+ 10 or 10C: 0.1 to 1 : 0.2 to 2
: 12 or 12C: legs than 0.1 : less than 0.2
Variable 1 : greater then 1000 : greater then 2000
: 3 : 200 to 1000 : 100 to 2000
| 5 : 50 to 200 : 100 to 100
: 7 : 15 to 50 : 30 to 100
H 9 t 3 to 15 : & to 30
s 11 : 0.2 to 3 : 0. to 6
+ 13 or 130C: less than 0.2 : less than O.l

Borings and tests show that steel shcet piling cut-off should
be used to prevent excessive seepage. {Sei Criteries5 and 3.)

The noture of the enrth materials in the fowmdation indicotes
that there will be little settloment end ne lateral displaccment. The
superimnosed load at the center line of a maximum section of dike is
about 1,000 pounds per square fook, which is within the saf'e bearing
capecity of the soil. (See Criterion 8.)

Mechanical analysis curves of typical samples of materials en-
coumtersd in the contemplated borrow areas cre shown on Plate No. 10.

Compaction charuacteristics of the propesed selected imnervious
and random impurvious borrow moteriels arc cxproessod on Platc Nos 12 in
terms of dry compacted weight in pounds per cubie foot and voter content
per cont. These chorocteristic curves arc typical of rosults obtoined

from numerous Froctor analyses performed upon samnlcs of czch type of
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material., The optimum conditions indieated by the curves cre ae follows:

Optimum Viater Maximun Dry Compacted
Type of Meterial Content, % Weight, lbs./cu. ft.
Selected Impervious 19.0 107.1
Random Impervious 15,2 106.9

Tests for moximum and minimum density were performed upon sampdles
of the proposed froe-draining material. Averages of the valucs obtalncd

arc os follows:

[

Moximum density = 11442 1bs./cus Ft.

9ltely 1bs./cus It

it

Minimm density
Assuming the "degrac of compaction” Cor maximum stability to be

80 per cent, it is indicated that the most desirable density %o be ob-
teined in the embankment is 10943 lbs./cus ft. This was determined from

the equation

en - €
Py % GoTeign £ 100
in which P, = degrec of compaction, %
e = voild ratio of material in embanlment
eqg = void ratlo of material ot minimum donsity
eygg = void ratio of matorial at meximum dens ity

Values of the angle of internal frietion, B, as obtaincd by dircet sheor
tosts, ore within the renge 33° - 37° for all typos of borrow motorials
cncountered in the comtemploted orcase. (Sco Criterion 3.}

No metorial intonded Tor the embonkmont is scoluble in water.

(Sco Crituricn 7.)
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TABLE NO. 3

PROVIDENCE SOIL CLASSIFICATION
UNITED STATES LNGINELE OFFICH
PROVIDENCE, RHODE ISLAND

CLASS, DESCRIPTION OF MATURTAL
1 ; Clean Gravel - Contains little coarse to medium sand.
5 : Uniform Coarse to Medium Sand ~ Contains little grovel and Iinc

send.

: Veriable - Graded from Grovel to Mediwm Sand - Contains lititle

5 f£ine sond.
I, : Uniform Medium to Fine Sand - Containg little coarss sand and
: coarso_silt, .
5 : Varioble - Graded from Grovel to Fine Sand - Contains little
! coarse silt.
6 : Uniform Fine Sand to Coarse Silt - Conmtoins 1ittle medium sand
: and medium silt. R
: Variable - Greded from Gravel to Coarse Silt - Contesins litile
[ medium silt.
8 : Uniform Coarse to Medium S1ilt - Contnins 1little fine sand and
: fine silt o
: Variablie - Graded from Gravel to liediwm Silt - Contains litile
7 Tins silts L
10 : Uniform Medium to Fine 8ilt - Containg little coarse silt and
: coarse cley. Possesses behavior characteristics of silt.
10¢ t Uniform Medium Silt to Coarse Clay - Contains little coarse silt
: end medium cloy. Possesses behevior characteristics of clay.
11 : Variable - Graded from Gravel or Coarse Sand to Fine Silt - Con-
: tains little coorse cloy.
: Uniform Fine Silt to Medium Clay - Contains little moedium silt
12 and Tine cley (collolds). Possesses behavior charactsristies
: of silt, _
120 : Uniform Clay - Contains little silt. Posscsscs behavior charcc-
: toristios of clay.
13 1 Varinbie - Graded {rom Coarsc Sand to Ciay - Contains little f'inc
: clay (colloids). Posscsses behovior charncteristics of silte
15{:= Varioble Clay - Groaded from sand Go fine clay (colloids). Pos-

sosses pehovior choaractoristics of clay.
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VI, STRUCTURAL DESIGN

A, GENERAL, = Included in the North Meadows dike are a reinforeced
concrete retaining wall extending from dike Station 1+08+ to 4+66= and
two reinforced concrete stop=log structures; one to permit the Wiilliman-
tic Division of the New York, New Haven and Hartford Railroad to pass
through the dike at Station 50+70,1 and the other to permit the Spring-
field Division of the same railroad to pass through the dike at Station
160+563.

1. Retaining wall, - The reteining wall is of the cantilever

type and will retain a section of the roadway on top of the proposed North
Meadows dike just north of the llemorial DBridpe between dike Stetions 14084
and 4+66=,

The prinecipal load upon the retaining wall is the horizontal
earth pressure when the river is down and the cantilever type used to re-
sist this lomd is the most économical under the existing conditions.

For typical cross-sections of this retaining wall, soe “late
No, 16.

2. Stop=-log structures, - The two stop-log structures are, in

general, similar and each consists of two counterfort walls, epproximately
perpendicular to the railroad and in line with the North Meadows dike,

Tue to the unusual height of the structures, some saving in cost has hecn
realized by placing the counterfort walls perpendicular to the railroad
rather than parallel, as is the usual practice for smaller stop-log struc-
tures, A barrigr of timber logs supported in vertical grooves will pro-

vide a closure between the walls,
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In the case of the Springfield Division structure, the clear
distance between faces of the retaining walls 1s too rreat to permit the
use of logs of a practicable size. A center support in the form ol a
detachable bracket of the "A" frame type is provided which roduces the
barrier to simple beams of ono-half of tho total span, reducing the depth
and length of the lors to o size which caen be handled casily. The conter
support is built of structural stecl members and has a sultable concreote
foundation which forms en integrol part of the stop=log gill.

For the two structures, a width of concrvte equal te the logs
is brought to within two inehes of the base of the wall, and the romoin-
ing width of sill is twenty inches benesth the base of rail to ellow room
for the ties snd sufficient ballast to reduce impact stresses,

The principel load upon the counterfort ialls is the horizontal
earth and hydrostatie pressures when the river is up; that upen the stop-
log barrier is the horizontal water prossure in time of flood. The timber
stopwlogs are to be backed with sandbags or battens at time of Tloods to
reduce leakage.

For details of these stop-log structures, see Plates Nos. 19 to
22, inclusive.

B. SPLCTFICATIONS FORL STRUCTURAL TRSIGL.

1. ceneral. - The structural design of the retaining wall end

the two stop-log structures has been exocuted, in general, in accordance
with standard nrectice. The specifications vhiol follov cover the con-
ditions affectin: the design for stability, reinforced concrete, struc-

tural steel cnd timber.
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2., Unit weights. - The following unit weights for materials

were assumed in the design of the structures.

Tater 62.5 pounds per cubic foot
Dry earth 100 n " " "
Saturated earth 125 " n il "
Concrete 150 " " 1 "
Steel Loo " " i "
Timber 50 " n n "

%,  Darth pressures. - In computing active earth pressures,

equivalent fluid pressures were computed by the use of Rankine's formula.
They arc as Tollows:

Zarth, dry, cquivalent liquid loading = 35 pounds per cuble foot.

Berth, saturated, equivalent liquid loading = 80 pounds per
cubic feot.

In comruting passive resistances, Rankincts formula wns used
with the coelfficicnt of internal friction = 35 dogrecs.

L. Hydrostatioc uplift.

B. Retaining wall. - "7ith the river stage down below the

elevation of the base of the wall, the hydrostatic uplift on the base has
been assumed as  Pull tailwater head on the landside of the sheet piling
and one-half the tailwater head on the riverside of the shoet riling. The
uplift has been assumed te act uniformly under the entire base.

b. iilimentie Division stop-log structure. - tith a river

stage assumed as high as the top of the structure, the uplift pressurc on

the base on the riverside of the sheet piling was assumcd as full head duc
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to headwater. The uplift pressure on the base on the landside of the sheet
piling was assumed to diminish uniformly slong the base from 50 per cent

of the differential head plus full tailwater head of the shoet piling to
full tailwater hoad at the edge of the base slab.

Cs Springficld Division stop-log structure. - Duc to the

faot that the structure rests on a rock foundation, the hydrostatic uplift,
vith the river stoge as high as the top of the structurc, was assumcd to
vary uniformly nlong the base from 50 por cont of the headwater at the
rivorside toc to 50 por eent of the tailvmter head et the landside toc.

S Stability. - The criterion was used that the resultant of
all external loads, including hydrostatic uplift and excluding base pres-
sure, shall fall within the middle third for all loading conditions.

b, Siiding.

as Retaining wall, - For resistance to sliding, the eri-

terion was used thet the total horisontal forces due to external loads
chall not eveeed the resistance available from friction and passive re-
sistance. The coefficient of friction to be used in such computotions is
0.L5.

b. Stop-log structures. = The coefficient of sliding

shall not exceed 04)5 for Class L or 6 meterial,

7. Bearing. - The total bearing pressure, equal to the sum of
hydrostatic pressure plus the remaining effective base pressure, shall not
exceed the maximum allowsble base pressure of 11,000 pounds per square foot
which was determined by the District Soils Laboratory.

8., TFrost cover. - All footing bases shall lie at least L fect
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beneath the surface of the pround to aveld heaving by froct action.

9. Path of creep.

Qs Fetoining wall. = The steel shcet piling cub-off will

be driven to n denth of about 38'-6" below tho bise of the v-.1l, This is
morc than sufficient to tako care of the nath of croep. Fer droinapc on
adequate tile drain, vitrified elay, laoid with cpon joints, will be 103d
in scrccned grovel, anproximatoly tvo oot nbove the lendside dboso sinb
for the ontire length of the woll.

b. willimantic Division stop=lop structure. = A shoet

pile cut-off oi sufficient length to sonnect 1rith impervious meterial
will be provided.

C Springfield Division stop=log structure. - Since the

structure rests on a roclk toundation, the peth of ereen criteria do not

govern. Sheet piling, Ariven to rock, will be rrovided under the g

log sill to prevent seepagc between the two walls of the strueturoc.

10, Reinforccd concrotc.

X General design practice., - The desifm of the reinforeed

concrete was in accordance with the recommendations of the Joint Oormittec
and the Americnn Conerete Institute.

b, Allowsble stresses. - Specifically, the working stresses

used are as follovrs:

(1) Ultimete strengbh., - The allovable wrorking stresscs

in conerete arc based on an averapoe uliimete cempressive strength of 3,100
pounds por squarc inch in 28 days.
(2) Floxurc. - Extromo fiber stress in comprossion =
falmhalsbsalied

BOO pounds ner squarc inch.
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{2} Shear. - "ithout speeial anchorapge = 60 wounds
per square inch. TViith special ancheragse = 90 pounds per square inche

(J,) Bond. - Without special anchurage = 100 pouncts

per square inch. With speeinl anchorage = 200 pounds per squarc inche
(5) Embedment. = Minimun embecdment to develeop tund =
LO diemeters.

(6) Retio of moduli of elasticity. - Fe/BLe = n = 12,

(7) Protective concrete covering.

In lower face of Foctings =l inches.
Other than in lover face of Teotings = 3 Inches.

(8) Temperaturo stecl. - Minimum steel in ony exposecd

face is 5/8" f bars spaced onc foct on centers.

11. Reinforcing stocle = The stecl as-umed to be uzed 1s now
R

billot stecl, intcrmediate grede, deformed bars. The vPfeetive cross-
scetional arcas arc toalon as not and the vorking stross usod is as follows:
Tension, main steel = 18,000 pounds per sguare inch.

iz, Structural steel. - The desipgn of +the steel structures has

been governed by the standard specificatiosne for steel constructlion of
the Americar Institute of Steel Comstruction. Meximum allowable unit

working stresses are as follows:

a. TFlexure (tension or compression) 20,000 peunds ner
square inch.
b, Shear = 13,500 nounds ver squarc inch.

13, timbcr., - The structurnl timber to be uscd is sclcet white

oek, surfaced four sides, and eroosotcds  The maximum ollowable woriing
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stresses used are high, due tc intermittent use end to the probability of
support by ssndbags. They are as follows:

a.  Flexure (tension or compression) = 1,750 pounds per
square inch.

b.  Shear (parallel to grain) = 156 pounds per squarc inch.

¢. Bearing (perpendicular to groin) = 265 pounds por

square inch.

C. LOADINGS. - In general, each member of the retaining walls and

the stop-lo. structures was designed tc resist the nost uwnfaverable com=
bination of loadings in every directicn.

1, Petaining wall. - The principal lecad on the vwall is due to

the horizontal pressure from the earth dike and the cquivalent earth sur-
charge due to the roadway on top of the diles The stem and base of the
wall were designed as simplc cantilover beams fixed at the edge of support.
The principal load on tho stem is the herizontal prossure from the cearth
dike and the cquivalont corth surcharge dve to the readway. The stem wus
also designed to resist the load resulting vhen the river is up to the

top of the wall, The principal load on the basc slab is the differcnce
betwoon the veights seting dovm and the hydrostotic and becaring prossurcs
acting up.

2. Stop=lop strucltures.

B, Structural action. - The structure is assumed to act

as a counterfcrt wmll resisting lateral forces in both direeticns and the
horizontal thrust from the stop-logs when all are in place during flooda

The restraint of the sheet piling to both horizontal and vertical loads
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is neglected, es is the thrust which can be developed in the £ill Lo re=
sist overturning of the walls by earth prossures.

D, Vertical stem.- The stem is designed as a c-ntinuncus

beam fixed between supports to carry the differential load to earth and
hydrostatic pressure to the coumterforts by beam action.

Ce Base slabe. - The load on the base is the difference

between the weights down and the bearing and uplift pressures up. The
design of the riveorside base slab is the same as that of the vertical
stem, The landside base slob is designed as a simple cantilever supported
at the stem.

d. Couterforts. - The counterforts shall be designed

to take the load in tension transforred from the stem and base. The
counterforts adjacent to the railroad shall be dosigned to toke the addi-
tionnl lead resulting when the stop-logs arc in place and the river is in
flcod staoge.

3. Stop logs. - The load on the stop logs is due te the head
of the river water., They are designed as simple beams supported at the
walls by speciasl grooves, The case of the Springfield Division structure
the spen is reduced in half, the logs being supported at the center of
the opening by a stesl bracket consisting of a vertical wide flange beom
with supporting members and foundation.

e Center bracket for the Springfield Division structure. -

The bracket is designed as an "A" frame to resist the load transferred to
it by the stop-log barrier. The bracket is so comacted that its parts

can be easily handled and quickly set in placec. Detachable hoists are
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provided to facilitate the handling of the stop logs.

D. ARCHITECTURAL TREATMENT OF RETATNING WALL, - ''he reteining wall

is located immediately north of the Memoriasl Bridge, and since o conarete
railing obscures the view of the wall [rom the bridge, no detailed archi=-
tectural treatment will be used. A coring ab the top and 2'-0" wide nilas-
ters at the expansicn joints, spaced anproximately LO feut, arc the only
treatments uscd. There will be no architcetural trestment of the stop-log

structures.
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VII, CONSTRUCTION PROCEDURE

A. SEQUENCE OF OPERATIONS. -~ It 1is assumed that construetion will

be started about June 1, 19%9. It is estimated that it will roquire L85
oalendar days to complete all of the work. Since it will be neecessary to
stock-pile the major portiocn of the borrow excavation to effect a reduc-
tion in waeter content before inclusion in the embankment structure, dredg-
ing of river sand and pond excavation will be prosecuted from the start.
Concurrently rith stock-piling of the various euarth materials, foundotion
preparation, trench excavation end driving of steol sheet piling cub-offl
should proceed throughout the longth of the proposed work. It will be re-
quired that the full longth of ombankment be constructed to Elevation 30,
mean sea level, by December 1, 1939, or that flood protection be afforded
to Elevation 30 by a temporary raise to the dike. It will elso be required
that all concrete be in place by December 1, 1939. Embankment closures

at the concrete stop-log structures will be made as soon as possible after
completion of these structures in order to insurc full protection te Eleva-
tion 30 before December 1, 1939, Wintcr operations will be restricted to
placement of riprep and such other work that may be carricd on unaffected
by weather. Completion of the embankment, riprapping, placement of top-
soil, sodding and seeding, road surfacing, minor fills and renersal clean-
up will be performed as scon as weather permits in the spring of 19,0,

A1l work will be completed by November 1, 19LO.

B. CONSTIRUCTION PERIOD. - A study cof hydrographs plotted from deta

recorded by the United States Weather Bureau from 1917 to 19%8, a total

of 22 consecutive years, shows thet the mojority o the floods at Hartford
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ocour in the spring months of March, April and May. From the records it
is determined that these portions of the permanent works lying below
Elevation 14.0, mean sea level, will be subjeet to flooding at least once
cach yeer. However, the probability of high water reaching any consider-
able part of the protection works during the period June lst to December
15t is smalle The records show that of the 22 years studicd, in only 5,
flooding occurred in the above period. Tt was determinced from the above
study that it will be of primc importonce to bring the permonent works to
o stage of complotion by Doccmber 1, 1939, as Elcvation 30 or higher so
that o minimum of temporary protcetion works would be nceossary in cwvent
of high vatcr during Merch, April and Hay of 1940.

The following schedule shows the major items of work involved,
the approximate guantities and plenned construction pericds for each:

First Seascen - 1939

: :Nos. of Viork=-: . ! Average
Ttem ,From To . ing Days Quantity :Daily Rete
Preparation of site: ; : ;
and foundation ex- :June 1  Sept.l: 60 :161,600 c.ye:2,700 coye
cavetion : : : :
Borrow dredging sJune 1 Dec. 1: 150 650,000 coye:li, 300 coye
Borrow excavation i1dJune 1 Dec. 1: 150 :250,000 c.y,.:1,700 coy.
: : : :
Stee) cheet piling :June 5  Sept.b: 60 :190,500 s54f4:3,200 5.7
Embankment :June 15 Dec. 1: 140 : 870,000 cuye:6,200 Co¥e
Concrete structure :July 1 Dee., 1: 125 : 2,100 cuye: 20 cuye
Riprap sAug. 1 Jan, 1: 125 : 7,000 c.y.: 56 c.y.
Draina; e system sAup, 1 Jan. 1: 125 : - -~

*This quantity inecludes approximetely 200,000 cubic yards of material pre-
viously contracted for.
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Second Season - 1940

Ttom :From To ZNO;n;?ﬁggzkh: Quantity ;E;ffiagiﬁg
Borrow dredging :April 15 Aug.lSZ 100 :532,000 c.y.:ﬁ,BBO Cale
Borrow excavation :May 1 OQct. 1: 125 2127,000 c.y.il,OOO Cal¥s
Embankment :May 1 Oct. l: 125 :655,000 c.y.:5,100 CeYe
Riprap :June 1 Hov. 1: 125 : 20,000 c.r.: 160 ¢,
Drainage system :June 1 Nov. 1 - ) - -

Miscelleaneous items:Sept. 1 Nov. 1

e 23 an  wa  pa
e sm a3 ae
e =R we 48 as

c. COMSTFUCTION DETAILS.

1. Preparetion of site and foundation excavation. - The prepa-

ration of site consists of clearing and grubbing for the embaniment and
conerete structures. Removal of public utilities from the site of the work
will be made by their respective ovmers. Foundetion excavation will be
closely followed by earth and concrete construction.

2 Borrow dredging. - The major portion of the pervious em-

bankment will be obtained from the river by dredging. A contract Is now

in force to dredge epproximately 600,000 cubic yards of river sand, o

part of which, approximately 200,000 cublc yards, after beinpg stock-piled,
will be used in this contract., In sddition to this quantity, the existing
corntract will be extended to furnish all dredged material to be used in
dike construction to December 1, 1939. Dredged material required in the
second season's work in excess of the quantity required in the f'irst season
will be furnished by the dike acontractor.

P Borrow excavation. - Embanlment materiel nct supplied by

dredging or from foundstion excavations will be supplied from a designated
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impervicus borrow area and pond excavation. It is assumed thet this latter
work will be done with shovel or dragline, but that the material must be
stock-piled before use in the embankment.

Ly Steel sheet piling. - The steel sheet piling will be driven

to place in advance of ocarth or concrete construction. Steel sheot piling
to be driven under the main linc tracks of the Fow York, New Haven end
Hartford Railroad will be placed wnder the supervision of the railroad
COMPENY .

5. Embanlment. - Follewing the operation of driving the steel

shoot piling and foundation prepoerasticn, embaniment will be placed and
rellcd by medern mothods. Pneumatic tempers will he employed in all places
not accessible to rolling equipment, Selsction of earth materials for in-
clusion in the wvarious divisicrs ¢f the cmbanlznent vill be in accordance
with best practice and supplied from borrows and structure excavations,

It is contemplated that all embankment will be in place tc Elevation %0

by December 1, 1929, It is believed that this elovation involves a reason-
able construction schedule and affords protection against all but the very
great floods,

€ Concrete structures. = The short section of flood wall near

Morgan Street will be cantilever tyve econcrete construction having expan-
sicn joints at irtervels of 40 feet. Copper water stops and expansion
joint materials will be used to effect continuous watertight protection.
The stop-log structures to Le nrovided at the rallroads are of cownter-
fort tvpe concrete construetica having a sill slab immediately below the

track to cap off the steel sheet piling. Temporary steol sheet piling
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will be provided adjacent to the tracks to reotain railroad embaniment from
structure excavetions,

T Riprep. - It +ill be desirable to have the riprap protec-
tione follow embenkment congtruction clesely so that at the close of the
first scasont's work full protection will be effcctive te Elevation 30404
The rock will bo well bedded in gravel end be sceurcd by tightly driven
gpalls,

8. Drainage systcoms. = The drainage systoms ¢onsisgt of pipe,

concrete and rock struetures. €onstruction of the drainage systems will
propgross as rapidly as practicable to aveld cxecssive eonstruction of tom-
porary drainage structurcs.

3. Misccllanecous items. - The misccllancous itoms consist of

sodding and sccding, road surfacing end general clesn-up of the site,
Sodding and seeding will be done in accordance with recommended practice
and careful atvtention will be given the areas treated through the early
stages of growing. Road surfacing will not be placed until all of the
yvork in close ~roximity has been completed. The new surfece will not be
traveled upcn by heavy construction equipments

D. LABORATGPY AND FIDLD TESTS DURING COHSTRUCTION.

1, Embankment construction. - The Scils Laboratory at Provi-

dence, Rhode Island, and the field soils laboratory at Hartford, Connecti-~
cut, will perform the neccssary tests to investigate and record the char-
acteristics of the types of soil used in construction. Tests will be per-
formed to detormine the mechanical classifications of soils, vater contents

and density of matorial in placo and compaction charactcristics of borrow
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material, Supplementary shear and permeability tests 1331 alse be nade.

The embankment will consist of three types of wmaterials, im-
perviocus random and pervious 411, Al) rerve will be built of pervious
material on the landside and impervious matorial on the riverside. Screened

pravel as used for the toc drain and bedding for ripran 1vill be obteined
from commercial sources and will not be subjuet to rigid laboratory tests.

The types of meterials intended for embanlaaent 111 and their
placement will be subjeet to closc control before and diring construction.
It will also be required that the cquipment used in tho construction of

the ombantmoent i1l be maintained in good opursting conditien at all timcs.

2. Concrete construction. - irterials used n the meking of

concreto will be tested at the Central Corcrete Testing Labaratery, West
Point, NMew York. The Tiecld tests will prineipally be vsed for control of
the quality of concrete during construction. Fecilities will he available
for prading the aggregates, designing mixes, maling of slump tosts and for
casting and curing conercte cylinders for copression tosts.

Comend vrill bo tested bv a recognized tesling laboratory and
results of these tests will be kmown before the ocuent is uzcd; only one
brand will be uscd throuvghouwt ot cach lecation. Fino and conrso agrregotes
will be obtaincd from approved commereinl sourcese.  The amount: of vator
used for vech bateh of concrote will he predetermined; it will, in genere l,
be the minimum amount ncecssary to produce a plostie mizture of the sbrongth
speeificd. Storagec of coment and approgates, nixing ond placing of concrote

a5 vell as plocing of reinforccment stuocl vill e superviscd and dirceted

by Cevernment inspcetors.
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he total construction cost of the ftartford Morth Meadows dilke,
from Station 0+00 at Morgsn Streect to Station 122+00 and bebween Stetion
158+5% and Station 162+52, including structures in place between Station
58+00 and Station 122+00, has beon estimated to be $1,81);,000 which in-
cludes 10 per cent for contingenciss and 15 per cent for cnpincering and
overhead, This swmery does not include the cosgt of a pumping staticn or
the relocation of cxisting public utilitics. The total cstimated cost of
the vork involved wmder this contract is 31,470,000 including 10 and 15
per cent,

Thore follovrs a list of the major divisions of work involved

and their relative costs:

1, TErcavation & 151,000
2 mbanioment 777,000
e Concrete Teatures 70,000
L+ Drainage systems 20,000
5 Steel cheet piling 2L%,000
6. Riprap, hand placed 195,000
7. iHiscellaneous 1!},000
Subtotal 41,170,000
8. Structures in place from
Station 58+00 to Station %1y, 000
122+00 -
Potal 41,514,000

1, The item of ezcavation covers all excavatio:n necessary for con-
crete and pipe structures, drainage ditches, storage pond and miscelleaneous.

2 The embankment item includes all borrow excavation and £ill for

- 3 -



the dike structure with out-off trench and toe drains, ineluding such
other items as topsoil, sodding and secding, all road surfacing, ramp
and road construction and all structure backfilliing.

Ha The item of concrete featurcs includes nll cemont, concrcte
and imbedded items such as reinforeing steel ond copper wnter stops.

ly. The drainage systems include tho cstimates on tilc pipe, rein-
foreod concretec nipe, corrugnted iron pipe, groutcd stonc gutters, brick
marholcs ond all costs incidentel to furnishing ond placcment.

L Steel sheot piling includes the cstimutes of furnishing and
driving tho pilinge

6. The item of hond placed riprop includes gravel bedding, [ur-
nisking and placing the rock for riprape

T The miscelloneous item covers estimates for preparation of site,
timber logs and all estimates of work not included under Items 1 to 6,
inclusive, as shouwn above.

8. This item indicates the estimated costs of structures now in
place between Station 58+00 to Staetion 122+00 which consist of all strip-
ping in this area, cut-off trench excavation, steel shcet piling and

stock=piling of approximately 200,000 cubic yards of river sond.
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NORTH MEADOWS RETAINING wALL

HARTFORD, CONH.

This is the complete analysis of Design for the Concrete Retain-

ing Wall proposed at North lleadows, Hartford, Connecticut between dike

Stations 1+08: and Li+66%.

The wall is of the cemtilever type ond will

retain & section of the roadway on top of the proposed Horth Meadows Dike

just north of the Memorial Bridge at Hartford, Connecticut,

There is included the full design computations for four sections

of the wall averaging from 6'0" to 15'0" ebove the base slabd.

Complete details concerning this wall may be found on drawings

File Nos, CT-hL-1L6% to 1467, inelusive.

L.

iT.

II1,

IV,

Ve

CONTENTS

General Design Data

1610" Wall (Sta, 1408+ to 1448+ end Sto. 2468+
to 3+09+)

1210" Wall (Sta. 1+40: to Sta. 2+68+)

Uy 10" wall (iverage Section, Sta,%+09%¢ to
7469+ and Sta. 3.0z to L+08%)

1216" Wall {Average Section, Sta,3+69x to
7489+ and Sta.l;+08: to Li+bbz)
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I. GENERAL DESIGY Dait



GENERAL DESIGN DATA

l, Loading. - The walls shall be loaded to give the worst possible
oondition, In general, the walls shall be investigated for the following
condition of loading.

Water down below base of well with 100% uplift on landside
of sheet piling duc te tailwater head and 50% uplift on riverside of
sheet piling due to tailwater head.

2. Seepags. - The sheet pile cut-off shall be carried 2816" below
the base of the wall., This is more than ample to take care of the path
of creep around the cut-off and under the base,

An adequate tile drain, V.C. and open joint, shall Dbe laid in
sereened gravel approximately two feet nbove the landside base slab for
the entire lenrth of the wall,

Ze Overturning. - The resultent shall intersect the base within
the middle third under all cenditions.

Ls Sliding. - The frictional force betwecen the base of the wall
and the earth shell be taken as 0,45 of the sum of all verticol loads
down to the shear plane, reduccd by hydrostatic uplift. This force acts
along the shear plane between the basc and earth.

The passive resistance shall then be the algebraic sum of
all the horizontal forces, including the friction force, acting on the
walle The passive resistance shall be assumed as acting onc-third the
distanco from the shecar plane to the ground surfucce on the leuding side

and shall not execeed the maximum available passive resistance as computed by
wh2 (tan€ u5°-+g)-tw@ (b5° - ¢ )
2 2 z

where ¢ = 35° (Angle of intcrnal friction obtained
from the Soils Laboratory)

- A=D -



h = distance from the shear plene to the ground
surface on the leading side.

w = weight of dry or saturated earth.

De Reinforced Conerete.

(a) In general, the concrete design is based on the "Joint
Code of the American Concrete Institute and the Reinforeing Steel
Institute for the Design of Concrete und Reinforced Concrete” issued in
1928 and the "Progress Report" of the Joint Committee on Standard
Specifications for €oncrete and Reinforced Concrete issued in January, 1937.

{b) The allowable working stresses to be used are as noted

below:
(1) Meximunm allowable steel stress fs = 18,0004/ *
{2) Maximum ellowable concrete com-
pression stress fo = 800,/ "
(3) Meximum allowsble concrele shear
siross
(without speciml snchorage) vV = 6Gﬁ/b "
(With n 1 ) v = '_-'_?O=ff A "
(1) Meximum allowable concrete btond
stress
(without special anchorsage)} u = 150/ "
(with " i ; us= 2005/ "
(5) Length o embedment for bond L= L
diamoters of reinforeing bar

A1l reinforcement to be deformed bars of new billet steel,
intermediate grade.
6.  Stem. - The verticcl stem shull be desipgned os a cantilever
beam fixed at the top of the base support.
7. Footings. - Both riverside and luendside footings shall be

designed as cantilever beams fixed at edge of supporte.

- A3 =



8. Covering of Reinforcement. - Cover on all surfaces for main

reinforcement shall be at least 3 inches in the stem and at least I} inches
in the footings.

9 Symbols and Notations.

Pel Pel = Horizontal forecc due to dry and saturated
1 e earth on landside.

Per. - Horizontal force due to sarth on riverside

Pr, - Horizontal passive resistance force on
leading side.

FR - Horizontal friction force on shear plane
between base and carth.

Eh1 Ehg - Weight of earth on landside
ER - Weight of earth on riverside
C1 02 ete, - Weight of concrete
U1 - Uplift pressure on riverside of sheet piling
Uy - Uplift pressure on landside of sheet piling
10, Unit Loigis
Weight of water - 62,5 #/cu.ft.
Weight of dry earth - 100 #/cu.ft.
Weight of saturated earth - 125 #/cu.ft.
Weight of concrete - 150 i/cu.ft.
Equivalent liquid pressure of dry earth - 35 4/cul.ft,
Equivalent liquid pressure of seturated earth - §C 7/cu.ft.

Angle of internal friction, § - obtain from Soils
Laboratory = 35°

- A=l -
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WALL COMPUTATIONS
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HARTFORD = NORTH MEADOWS
- ANALYSIS OF DESIGN
APPENDIX A
SECTION II

STOP-1.0G STRUCTURE NO, 1
WILLIMARTIC DIVISION




ANILYSIS OF DESTGH
CONMCRETE STOP-LOG STRUCTURE 1. ITE YORK,
NE' HAVEN (D HARTFORD RAILRCLD - WILLIMAVTIC DIVISION
AT DIKE STL. 50+70.1

NORTH MBADOVS - HARTFORD, COWMd.



TITRODUCTION

This 18 the camplete inalysis of Design for the aonerctc stop=-
log struoturc -2 proposcd wt the Hew Yorl, ow Hoven end hurtford Huailrood -
Springficld Division - Dilc Stoe 160+52,5%% - Torth Licuders, Iartlord,
Conncoticut.

The structurc ceisists of two counterfort wulls, founded in
rock, and placed perpendicular to the railroad in iine with the Yorth
Meadows earth dikes Due to the vnusual height of the structure, some
saving in cost has boen reallized by placing the counterfort wulls
perpendicular to the railroad rathor than parallcl s is the usual
practice for smeller stop-log ctructures.

One set of grooves are provided for & sinmiv row of tivuder
stop-lozs. A wide flenge beam with supporting struls and foundution
is provided to reducec by one-half the lonpth of thoe stop-log Timbors,
The timbor stop-logs orc to be backed with sanclops ot time o "loods
to reduce leakugc.

Loading conditions and uplift assuastions comnly with those
recommended for Flood alls and similar structures.

For concrete and reinforcement detcils of structure - see drawings

File NWose COT-L=1456 to 1495, inclusive.



GENERAL DESIGN DATA

1, Loading. - The structure shall be loanded to give the worst
possible condition, The two counterfort wnlls shall be investigated for
the following condition of loading.

Viater to top of wall on riverside.

8. Uplift pressure on base on riverside of sheet piling
assumed to be full hydrostatic pressure at that point,

be  Uplift pressure on base on landside of sheel piling
assumed to diminish uniformly along path of creep from 0% of the
differential head at the sheet piling to zero at the edge of the bage
slab. a

ce Uplift from tailwater assumed to be 10C% effcctive.

2. Path of Creeps - The minimum path of crcep with sheet pile cut-

off end without a filter shall be taken as 6 times the head,

A Overturning. - The resultant shall interscet the base within the
middle third.

L, Sliding. - The coefficient of sliding shnll not exceed O.L5 for
elass four or six material, Pussive pressure against the shear key and
the top foot of the sheet pile, due to beuring on the earth at the land-
side edge at the key, may be considered to resist sliding.

5+ Reinforced Concrete.

a, In general, the concrete design is based on the "Joint
Code of the American Concrete Institute and the Reinforcing Steel
Institute for the Design of Concrete and Reinforced Concrete" issued in
1928 and the "Progress Report" of the Joint Committec on Stendard
Specifications for Concrete and Reinforced Concrete issued in January 1937.

- B-1 ~



fs = 18,0004/a "; fo = 80CH#/a "

v = 60:4/3 " (without special anchorage)
vV = 90t/p * (with special anchorage)

u = 150#/a " (without special anchorage)
u = 2004/m " (with special anchorage)

n = le

Length of embedment for bond - L0 dimmeters of reinforcing
bar

A1l reinforcement to be deformed bars of mew billet stesl,
intermediate grade.
6., Stem. - The vertical stem shall be designed as a continuous

beam fixed betweern the counterforts.

7. Riverside Base Slab. - The riverside base slab shall be

designed as a continuous beam fixed between the counterforts,

8, Landside Base Slab, - The landside base slab shall be designod

as a cantilever beam fixed at the edge of support,

9, Counterforts. - The counterforts shall be designed to take the

load in tension transferred from the stem and base.

10. Covering of Reinforcement. -~ Cover on ell surfaces for rein-

forcement shall be at least 3 inches, except where concrete is deposited
against earth in which case a ocover of l; inches shall be used.

1l. Unit Weights.

Weight of water = 62.5f/cusft.

Weight of dry earth = 100#/cu.ft.

Tieight of saturated earth = 125#/cu,it.

Weight of reinforced soncrete = 150/cu.ft.

Meximum coefficient of sliding = 0.L45 (obtained from Soils

Latoratory)

- B2 =



Equivalent liquid pressure of dry earth = 754 foul Lt
Equivalent 1iquid pressure of saturated earth = 804 /cu. £,
12. Timber. - Timber for the stop-logs to be select White Oak slis
and creosoted,
The working stresses used in the design of the stop-logs are
as follows:

Timber stress fs = 17507/a "

Vertical sheer = 1565/ "
Horizontal shear = 125# a "
Bearing - b = 2654/a ®

Weight 504/ euefte

- B3 -
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HARTFORD - NORTH MEADOWS
ANALYSIS OF DESIGN
| AP'PE'NDIX A
- SECTION III

STOP-LOG STRUCTURE NO. 2

SPRINGFIELD DIVISION




PNALYSIS OF DESIGH
CONCRETE STOP-LOG STRUCTURE 72
NE" YORK, NE HAVEN AND HARTFORD RAIL-
ROAD - SPRINGFIELD DIVISION

AT DIKE STA. 160+52,99

NORTH MEADOVS ~ HARTFORD, CONVECTICUT



INTRODUCTION

This is the complete finalysis of Desipn for the concrete
stop-log structure #1 proposed at the New York, New Haven and Hartford
Reilroed - Willimantic Division ~ Dike Sta. 50+70.1 - North Meadows,
Hartford, Comeoticut.

The structure consists of two counterfort walls, approximately
perpendioular to the railroad and in line with the North Meadows earth
dike. Due to the unusual height of the structure, some saving in cost
has been realized by placing the counterfort walls perpendicular to the
railroad rather than parallel as is the usual practice for smaller stop-
log structures.

One set of grooves are provided for a single row of timber stop-
logs. The timber stop-logs are to be backed with sandbags or battened
at time of floods to reduce leakage.

Loading conditions and uplift assumptions comply with those
recommended for Flood Wells and similar structures.

For concrete and reinforcement details of structure - see

drawings File Wos. CT-L-1476 to 1485, inelusive,



GENERAL DESIGN DATA

1, Loading. - The structure shell be loaded to give the worst
possible condition. The two counterfort walls shall be investigated
for the following condition of loading.

Weter to top of wall on riverside with uplift pressure over
one-half fﬁe base decreasing uniformly from full hydrostatic pressure
at the riverside toe to full tailwater at the landside heel.

2 Overturning, - The resultant shall intersecct the base within
the middle third.

3a Sliding. - The bond between the base and the rock foundation
is considered adequate to resist sliding.

L Reinforced Concreto

as In goneral, the concrete design is based on the *"Joint
Code of the American Concrete Institute and the Reinforeing Steol
Instituto for the Design of Concrete and Reinforced Concrete™ issued in
1928 and the "Progress Report”. of the Joint Committee on Standard

Specifications for Conorete and Reinforeed Concrete issued in Januvary 19%7.

fs = 18,0004/0 "; fc - BOGH/n "

v = 60#/a " (without special anchorage}
v = 90f/y *  (with speeial anchorage)

u = 150" 4y " (without special anchorage)
u o= 200"/, " (with special anchorage)

n = i2

Longth of embedment for bond - LO diameters of reinforcing
bar.

A1l reinforcement to be deformed bars of noew billet steel

intermediate grade.

- ¢-1 -



G, Stem. - The vertical stem shall be desiened as a continuous
beam fixed between the counterforts,

6o Riverside Base Slabe. - The riverside base slab shall be

dosigned as a continuous beam fixed betwecn the counterforts.

Te Lendside Base Slab., - The landside basc slab shall be designed

a3 & cantilever beam fixed at the edge of support.

8., Counterforts. - The counterforts shall be designcd to take the

load in tension transferred from the stem and base.

9. Covering of Reinforcement. - Cover on all surfeces for rein-

forcement shell be at least 3 inches, except wherc concrete is deposited
ageinst earth in which case a cover of ly inches shall be used.

10. Un-it Weightfjc

Weight of water = 62.5%/cu,ft.

Weight of dry earth = 100//cu.ft.

Weight of saturated earth = 125//cu.ft.

Weight of reinforced concrete = 1504 /cu. £t

Equivalont liquid pressurc of dry earth = 35 /cu.ft.

Equivelent liquid pressurc of saturated earth = 804/cu.ft,
11, Timber. - Timber for the stop-logs to be sclected White Oak shs

and creosoted,

The working stresses used in the design of the stop-logs arl as
follows:
Timber stress fc = 1750 #/7 "
Vertical shear = 156 #/g "
Forizontel shear = 125 #/5 "
Bearing - b = 265 o "
Weight = 50 #/o "

- (=7 -



12, Struoctural Design., - Standard practices have been followed in

the design of the structural members of the intermediate supporting
frame of the stop-log timbers. High stresses were used to keep the
weight of the members as low as possible. In no case, however, are
tension or bearing stresses above 2l;,000 1lbs,. per square inch, and shear-

ing stresses above 13,500 lbs. per square inch.
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